Abstract
Introduction
Obesity is an emerging threat to global health. In Taiwan, the prevalence of obesity in adolescents was 7.3% in 1990. The prevalence of obesity in adolescents nowadays is 16.9%. The prevalence of obesity in male and female adolescents is 20.0% and 13.4% respectively. Although studies in adults documented relationships between obesity and cardiac dysfunction, coexisting diabetes, hypertension, dyslipidemia, renal insufficiency and other chronic diseases could also contribute to the alteration of cardiac functions. Most of the adolescents have no comorbidities, such as diabetes, hypertension, renal insufficiency or autoimmune disorder. This provides reliable research material to assess obesity-related cardiovascular changes. Pediatric obesity leading to alterations of cardiac geometry and diastolic dysfunction has been reported [1] [2] [3] [4] [5] . Nevertheless, the results of systolic dysfunction in adolescent obesity were conflicting [1, 2, [4] [5] [6] . Left ventricular (LV) dysfunction in adults with obesity could be attributed to impaired coronary flow reserve and coronary microvascular dysfunction [7] , chronic lowgrade inflammation, apoptosis of cardiomyocyte, and glucose metabolic disorder [8] . However, changes in the aforementioned pathways have never been studied in adolescents with obesity.
High-sensitivity C-reactive protein (hs-CRP) [9, 10] , tumor necrosis factor-α (TNF-α) [11] , and interleukin-6 (IL-6) [11, 12] have been reported as chronic inflammatory biomarkers associated with cardiac dysfunction in adults. M30 monoclonal antibody level can be used to reflect the degree of apoptosis. During apoptosis, the disintegration of apoptotic cells releases a caspase-cleaved cytokeratin fragment, cytokeratin 18. The M30 antigen is an epitope in cytokeratin 18. Detection of M30 antigen with M30 monoclonal antibody can specifically detect cell apoptosis [13] . This study focused on adolescents aimed to investigate early changes in obesity-related cardiac dysfunction, and to explore the correlations between indices of cardiac dysfunction and serum biomarkers, including hs-CRP, TNF-α, interleukin-6, M30 monoclonal antibody, and insulin resistance.
Materials and methods
We conducted a cross-sectional study of adolescents. The project was approved by the "Institutional Review Board of the E-DA Hospital" (approval number EMRP25104N). All the informed consents were written and signed by legal guardians and participants themselves. recorded a mean of 5 readings with the participants resting quietly and alone. Body mass index (BMI) was recorded as age-and gender-specific BMI based on BMI reference for Taiwanese adolescents [15] .
Group definitions
Adolescents were divided into 3 groups according to BMI percentiles [16] . Those with ageand gender-specific BMI < 95 th percentile were classified into group 1 (normal weight). Adolescents with age-and gender-specific BMI � 95 th percentile and < 95 th percentile x 120%
(obesity), and � 95 th percentile x 120% (severe obesity) were categorized into groups 2 and 3, respectively.
Laboratory evaluation and outcome measures
Blood sampling was obtained for fasting glucose, C-peptide, HbA1c, hs-CRP, TNF-α, IL-6, and monoclonal antibody M30 level. Insulin resistance was calculated with the modified homeostasis model assessment of insulin resistance. HOMA-IR (C-peptide) = 1.5 + fasting blood glucose × fasting C-peptide/2800 [17] .
Echocardiography was performed in all these healthy adolescents. The purpose of echocardiography was only for study, rather than any medical indications. LV hypertrophy and function were evaluated, including LV mass, LV mass indexed by body height at the 2.7 power (LV mass index) [18] , mitral valve inflow deceleration time (MVDT), isovolumic relaxation time (IVRT), isovolumic contraction time (IVCT), LV ejection time (LVET), LV ejection fraction (LVEF), and Tei index. The Tei index, calculated as IVRT plus IVCT divided by LVET, was used to assess the combined systolic and diastolic ventricular functions [19] .
Tissue Doppler imaging was obtained at the lateral annulus of the mitral valve to evaluate LV diastolic function. Three measurements at the mitral lateral annulus were averaged to calculate e', a', and e'/a' average. E/e' is the ratio of early mitral inflow velocity (E) to mitral annular early diastolic velocity (e'). In order to avoid technique and measurement bias, all the echocardiography were performed by the same cardiologist (MC Yang).
Statistical analysis
Data were presented as mean ± standard deviation (mean ± 1 SD). Analysis of variance (ANOVA) was used to compare the means of independent data in BMI groups 1, 2, and 3. Linear trend was used to demonstrate the trend in the 3 groups with respect to the waist circumference, hip circumference, waist-to-hip ratio, blood pressure, serum biomarkers, insulin resistance, and echocardiographic parameters.
The results of ANOVA analysis showed significant elevations of hs-CRP, IL-6, M30 level, and insulin resistance in adolescents with obesity (group 2 and 3). Multivariate linear regression was further applied to acquire beta coefficient value with corresponding 95% confidence intervals and to assess the linear correlation between LV diastolic function parameters and serum biomarkers in participants with obesity (group 2 and 3). Age, sex, hs-CRP, TNF-α, IL-6, M30 level, and insulin resistance were included in the linear regression models. Collinearity statistics with the variance inflation factor was used to check multicollinearity. If the variance inflation factor is < 5, then multicollinearity is low and the possibility of these variables correlated with each other is also low.
All p values were 2-sided, and a p-value < 0.05 was regarded as statistically significant. In order to avoid type 1 error in ANOVA analysis, Bonferroni correction was applied to detect possible false positive result.
Results
A total of 190 adolescents participated in this study, and five participants withdrew the consent from the study. Four participants were excluded because of newly diagnosed systemic disease, including severe hypertension (systolic BP > 160 mmHg or diastolic BP > 100 mmHg), diabetes, and systemic lupus erythematosus (Fig 1) . There were 181 adolescents enrolled in the study, including 102 participants with normal weight (group 1), 40 participants with obesity (group 2), and 39 participants with severe obesity (group 3) (Fig 1) . Age distribution was not significantly different between these 3 groups. The male-to-female ratio was nearly 2:1 in all groups. Waist circumference, hip circumference, waist-to-hip ratio, systolic BP, and diastolic BP increased significantly in accordance with the BMI groups (p < 0.001) ( Table 1) . Bonferroni corrections also confirmed these correlations.
Correlations between obesity, glucose metabolism, and serum biomarkers
In glucose metabolism, C-peptide level and insulin resistance (HOMA-IR) increased significantly in accordance with the BMI groups (p < 0.001) ( Table 1 ). HbA1c and fasting sugar did not differ in the 3 groups.
The range of hs-CRP was from 0.1 to 18.01 mg/L. There were 7 participants whose hs-CRP were < 0.10 mg/L, and their data were recorded as 0. IL-6 ranged from 0.05 to 15.47 pg/mL. There were 20 participants with undetectable IL-6 (< 0.05 pg/mL), and their IL-6 were recorded as 0. The range of TNF-α was from 0.1 to 106.88 pg/mL. There were 29 participants with undetectable TNF-α (< 0.10 pg/mL), and their TNF-α was recorded as 0. M30 level ranged from 8.88 to 948.93 U/L. Hs-CRP, IL-6, and apoptotic marker M30 levels increased in accordance with the BMI groups (p < 0.001) ( Table 1) . TNF-α level did not show differences between the 3 groups. The results implied that adolescent obesity was related to dysregulated glucose metabolism, chronic inflammation, and cell apoptosis.
Correlations between obesity, LV mass, and LV function
LV mass and LV mass index were positively correlated with the BMI groups (p < 0.001). Obesity correlated well with LV diastolic dysfunction but not with systolic dysfunction or Tei index (Table 2 ). Mitral inflow E/A ratio tended to be negatively correlated with BMI groups (p = 0.001). Tissue Doppler imaging also confirmed LV diastolic dysfunction in adolescents with obesity. Mitral lateral annulus e' velocity and mitral lateral annular e'/a' ratio were negatively correlated with BMI groups, respectively (p < 0.001). E/e' ratio at the mitral lateral annulus, which was positively correlated with LV end-diastolic pressure [20] , was positively correlated with BMI groups (p < 0.001). Bonferroni corrections also confirmed these correlations. LV ejection fraction and Tei index were similar between the 3 BMI groups. This showed that adolescent obesity was associated with LV hypertrophy and higher LV end-diastolic pressure.
Correlations between serum biomarkers and indices of LV diastolic dysfunction
Since the relationship between adolescent obesity and LV diastolic dysfunction was established. Further research on the association between serum biomarkers and diastolic function indices was conducted. In all participants with obesity (group 2 and 3), correlations between serum biomarkers (hs-CRP, IL-6, TNF-α, M30 level, insulin resistance) and LV diastolic function parameters were analyzed by multivariate regression (Table 3) . Mitral lateral annulus diastolic velocity e' was negatively correlated with M30 level (p = 0.03) and insulin resistance (p < 0.01). High apoptotic marker M30 level and high insulin resistance were associated with slower mitral lateral annular diastolic velocity. Mitral lateral annulus e'/a' ratio was negatively correlated with M30 level (p = 0.03). The E/e' of mitral lateral annulus was positively correlated with M30 level (p = 0.02), which represented that elevated M30 level was associated with elevated LV end-diastolic pressure. Collinearity statistics with the variance inflation factor showed the possibility of these variables correlated with each other was low.
Discussion
In this study, certain important findings were drawn. Glucose metabolism dysregulation, which was reflected in C-peptide and insulin resistance, could be observed in adolescents with obesity. Chronic inflammation markers (hs-CRP and IL-6) and apoptotic marker M30 level were all positively correlated to the degree of obesity. LV diastolic dysfunction was the main change in adolescents with obesity. Apoptotic biomarker M30 level was significantly correlated with LV diastolic dysfunction in this study. There have been previous adolescent studies showing that obesity is correlated with LV hypertrophy [21] . Increased LV mass could be linked to hemodynamic and metabolic pathways. Change in cardiac output, obesity-related obstructive LVET, LV ejection time; LVEF, left ventricular ejection fraction ANOVA was used to compare means in groups 1, 2, and 3 sleep apnea, insulin resistance, and adipokines are all responsible for LV hypertrophy [22] . Diastolic dysfunction in adolescents with obesity was the major finding of cardiac functional alteration in our study. Previous childhood and adolescence studies also revealed LV diastolic dysfunction in participants with obesity [23, 24] . In adolescents with morbid obesity, LV diastolic dysfunction and LV hypertrophy were reversible after weight reduction [25] . LV diastolic dysfunction was regarded as a preceding manifestation of systolic failure and diabetic cardiomyopathy [26] . In adult studies, LV diastolic dysfunction can be attributed to cardiomyocyte apoptosis, coronary artery disease, chronic inflammation, and insulin resistance. We found that apoptosis marker M30 level, rather than chronic inflammation biomarkers or insulin resistance, was highly associated with diastolic functional deterioration in adolescents with obesity. Cardiomyocyte apoptosis has been proved to be involved in embryonic heart development [27] . Apoptotic cardiomyocytes have been identified in the trabecular and compact zones of the mouse ventricles from embryonic days to early birth days. Embryonic outflow tract shortening is a normal process at specific stages of cardiac development, which is related to myocyte apoptosis [28] . If apoptosis is involved in abnormal cardiac morphogenesis, it may also lead to congenital heart malformations [29] .
Cardiomyocyte apoptosis is also related to the aging process and chronically overloaded heart [30] . Apoptosis plays a significant role in cardiac geometric change and progressive worsening in myocardial function, which may lead to chronic cardiomyopathy and end-stage heart failure [31, 32] . Apoptosis marker M30 level has been shown to be an independent predictor of LV remodeling and dysfunction in elderly patients with ST-segment elevation myocardial infarction [33] . Cardiomyocyte apoptosis can be induced by hypoxia and ischemia [34, 35] , and we noticed that it was also correlated to adolescents with obesity and diastolic dysfunction. We also found a weak correlation between insulin resistance and the index of LV diastolic dysfunction. Only mitral lateral annulus diastolic velocity e' was correlated with insulin resistance. Although the LV diastolic dysfunction was not highly associated with insulin resistance, insulin resistance remained an important finding in adolescents with obesity itself. Obesity is an important risk factor for heart failure in adults, which has been considered to be partly mediated by insulin resistance [36] . Advanced glycosylation products could result in myocardial stiffness [37] . Hyperinsulinemia was also related to myocardium growth, sodium retention, volume extension, and subsequent myocardial dysfunction [38] . Elevation of IL-6 level was linked to LV diastolic dysfunction [12] . Our study found that IL-6 level was significantly elevated in adolescents with obesity. However, IL-6 was not related to diastolic dysfunction in adolescent obesity. Hs-CRP has been shown to be associated with LV dysfunction in adult studies [9, 10] . Research showed that hs-CRP was related to plaque remodeling, oxidative stress, endothelial dysfunction, prothrombotic state, activation of complement, and vascular wall damage [39] . These mechanisms might account for diastolic dysfunction in obesity. Nevertheless, our analysis revealed that hs-CRP was not related to LV diastolic dysfunction in adolescents with obesity.
Limitations
We found changes in diastolic parameters in adolescents with obesity. These changes in diastolic function were subclinical. Childhood studies found higher E/e' and lower e'/a' in children with hypertension [40] , and hypertrophic cardiomyopathy [41] . However, there is no cutoff value for E/e' or lateral e' velocity to indicate diastolic dysfunction in children and adolescents.
Furthermore, changes in serum biomarkers only represented its association with cardiac dysfunction. The causality between M30 level and LV diastolic dysfunction remains unclear. There was no previous cardiac function assessment in our participants. A prospective cohort study to follow up cardiac functional alterations and changes in M30 level in these participants is a more reliable method to prove cardiac function changes and possible mechanisms leading to the cardiac dysfunction in adolescents with obesity. This provides further study materials in the future.
Conclusions
LV diastolic dysfunction and LV hypertrophy were the main changes in adolescent obesity. Insulin resistance, apoptotic marker M30 level, hs-CRP, and IL-6 were all elevated in adolescents with obesity. Only M30 level was highly correlated to LV diastolic function indices in adolescents with obesity. There was a weak correlation between insulin resistance and the index of LV diastolic dysfunction. Although the LV diastolic dysfunction was not highly associated with insulin resistance, insulin resistance was still an important finding in adolescents with obesity.
